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CHART 3 

Requirements for Ground-based Research end Flight Platforms 
For Constrained* and Robust** Programs 


(Number of Critical Questions) 


Criticality 
3 I « 


| TOT 


Critical Quest! ona Which Require R&A 

Behavior, Performance and Human Factors 



Space Labs 

Behavior, Performance and Human Factors 


Regulatory Physiology 


Cardiopulmonary 


Environmental Health 


Musculoskeletal 


Neurosciences 


Radiation Health 


Cell and Developmental Biology 


Plant Biology 


Lile Support 


Planetary Protection 


Exobiology 


Top Level Countermeasures 


Total 


ii 


m 


m 


1 


Ii 


mm 


lit 


m 


IM 


24 


12 


mm 77 


35 


15 


43 

6 


112 


23 


64 


24 


11 


35 


27 


3 

59 


19 

24 


292 


SSF 


Behavior, Performance and Human Factors 

ilist 

IliM 

14 

21 

34 

— mi r 

Reaulatory Physiology 



ii 

36 

64 

Cardiopulmonary 

wM 

1*4 

9 

4 

22 

Environmental Health 

wM 


1 


1 4 

Musculoskeletal 

mm 

*jj 

13 

3 

37 

Neurosciences 



7 

16 

29 

Radiation Health 

■J"3 


1 


4 

Plant Biology 




7 

20 

Cell and Developmental Biology 



6 

59 

75 

Lile Support 

pm i 

mm 

1 5 


45 

Planetary Protection 

lie 


1 


2 

Exobiology 



5 

6 

1 1 

Top Level Countermeasures 



2 


2 

Total 

itrlfuge Is required 

Behavior, Performance and Human Factors 

mi 

Hi 

SiiM 

pilii 

97 

1 33 

359 

3 

Reaulatory Physiology 

mm j 

Wmk 

18 

20 

43 

Cardiopulmonary 

\i\ 

*i 

8 

4 

19 

Environmental Health 



1 


3 

Musculoskeletal 

" 1 

; y-M 

13 

2 

36 

Neurosciences 

mm 

mm 

4 

1 2 

21 

Radiation Health 



1 


1 

Cell and Developmental Biology 


: iiil 

6 

55 

72 

Plant Biology 


jjs 


7 

20 

Life Support 


imzM 

1 


6 

Planetary Protection 





0 

Exobiology 





0 

Top Level Countermeasures 



2 


2 

Total 


63 

54 

100 

226 


Constrained Program * Criticality 1 and 


2 ** Robust Program - Criticality 1,2, 3,4 Page 1 



CHART 3 

Requirements for Ground-based Research and Flight Platforms 
For Constrained* and Robust** Programs 

(Number of Critical Questions) 


Fr*« Flyer 


ill* 


Criticality 

11 j l < 


TOT 


Behavior, Performance and Human Factors 





0 

Regulatory Physiology 

iii$i 


i 

5 

0 

Cardiopulmonary 


mm 

4 

2 

a 

Environmental Health 

is® 

lip 



3 

Musculoskeletal ' 


pi 

I 5 

2 

12 

Neurosciences 


ipi 

1 7 

13 

24 

Radiation Health 

111 


r~2 


4 

Rant Biology 


p&yi 


2 

6 

Cell and Developmental Biology 



3 

51 

63 

life Support 





1 

Planetary Protection 



i 


2 

Exobiology r 


"2", 


1 

1 

Top Level Countermeasures 


llll 

a 

— ■ 

2 

Total 

ill 

mm 

25 

76 

133 

tar Base 

Behavior, Performance and Human Factors 

mi 

1111 

13 

2 

33 

Regulatory Physiology 

§in 

ill 

15 

28 

47 

Cardiopulmonary 

ill 

ini 

5 

2 

16 

Environmental Health 

mi 

ili 

1 


13 

Musculoskeletal 

mi 

lliii 

12 

2 

31 

Neuro sciences 


|p 4 

7 

12 

25 

Radiation Health 

mm 


1 


4 

Cell and Developmental Biology 

$S : 58x : >x 

IIP 

5 

37 

52 

Rant Biology 


H 


3 

4 

Life Support 

I|| 

WM 

15 


45 

Planetary Protection 

mm 


1 


2 

Exobiology 



3 

6 

9 

Top Level Countermeasures 



2 


2 

Total 

#ii 

m 

80 

02 

283 


Robotic Exploration 


Behavior, Performance and Human Factors 

mm 


i 


2 

Regulatory Physiology 





0 

Cardiopulmonary 





0 

Environmental Health 





0 

Musculoskeletal 





0 

Neurosciences 





0 

Radiation Health 

pm 




2 

Cell and Developmental Biology 


lit 



1 

Rant Biology 


iipr 



1 

Life Support 





0 

Planetary Protection 

pi# 


i 


2 

I 

s 

o 

X 

lU 


xli&xSx; 

20 

5 

25 

Total 

111 

Ill* 

22 

5 

33 

lw Flight Resources 





Behavior, Performance and Human Factors 





0 

Regulatory Physiology 





0 

Cardiopulmonary 


t:;'. •' : 



0 

Environmental Health 





0 

Musculoskeletal ~ 





0 

Neurosciences 





0 

Radiation Health 

IIP 

mm 

2 


6 

Cell and Developmental Biology 





0 

Rant Biology 





0 

Life Support 





0 

Planetary Protection 





0 

Exobiology 





0 

Total 

mm 

ilii 

2 

0 

6 


Constrained Program - Criticality 1 and 2 ** Robust Program - Criticality 1 ,2,3,4 Page 2 



CHART 3 

Requirements for Ground-based Research and Flight Platforms 
For Constrained* and Robust** Programs 


(Number of Critical Questions) 


Criticality 

wmmm 3 1 < itot 


Facilities ara Inaufttclant 


Behavior, Performance and Homan Factors 


1111 

6 

1 

17 

Regulatory Physiology 




2 

2 

Cardiopulmonary 


iiil 



0 

Environmental Health 

Iiil 




0 

Musculoskeletal 

pill 



1 

1 

Neurosciences 


:5xS5x^ 



0 

Radiation Health ‘ 


mm£ 

16 

2 

26 

Cell and Developmental Biology 



2 

20 

23 

Plant Biology 

iiin 

mm 


7 

20 

Life Support 


15 


37 

Planetary Protection 

ill 


1 


2 

Exobiology 




6 

6 

Top Level Countermeasures 



2 


2 

Total 

ill 


42 

30 

136 

Sclanca Community Is Insufficient 

Behavior, Performance and Human Factors 

ill 


3 


7 

Regulatory Physiology 


Bil 


2 

2 

Cardiopulmonary 


illii 



0 

Environmental Health 





0 

Musculoskeletal 

lllllll 



1 

1 

Neurosdences 

flip 

iliil 



0 

Radiation Health 


1 ill! 

t 


1 

Cell and Developmental Biology 

i 

iiffl 

2 

9 

12 

Plant Biology 


lii 


4 

17 

Ufe Support 





0 

Planetary Protection 

ni 




1 

Exobiology 


iiil 



0 

Top Level Countermeasures 





0 

Total 

OKM 

■1 

6 

16 

41 

Critical Questions Which only Require R&A 

Behavior, Performance and Human Factors 





0 

Regulatory Physiology 

||§1 

iiil 


1 

1 

Cardiopulmonary 





0 

Environmental Health 

WIvIwTvl 

111 




1 

Musculoskeletal 

SKf 




0 

Neurosdences 





0 

Radiation Health 

lii 


15 

2 

22 

Cell and Developmental Biology 


|||| 


4 

! 4 

Rant Biology 





0 

Life Support 


•1 

3 


4 

Ranetary Protection 


m 



0 

Exobiology 



1 

3 

4 

Total 

Hi 

Mil 

10 

10 

36 


Constrained Program - Criticality 1 and 2 ** Robust Program - Criticality 1.2, 3.4 Page 3 



TABLE 1 


CRITICAL QUESTIONS FROM ALL LIFE SCIENCES DIVISION 
DISCIPLINE SCIENCE PLANS 

CATEGORIES 

1 = Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 = Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive: or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 = Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 = Science Specifically enabled by Moon anchor Mars Missions. 

5 = Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* = Indicates primary category of application. 

CRITICALITY ^ ~~~ 

Criticality 1 : Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 

Criticality 4: Important science which is relevant to exploration mission. 

•Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


t. Science Readiness Levels 

1. Only folklore of practitioners and anecdotal data available 

2 Basic scientific concept formulated 

3 Ground models developed, flight validation required 

4. Flight validation performed 

5. Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 
2 Technology Readiness Levels 
1. Technology need identified 

2 Technology and conceptual solution available 
a Component and/or breadboard validation in laboratory 
environment exist 
4. Flight validation performed 

& Systems/subsystem prototype demonstration in a relevant 
ground or space environment completed 
& System prototype demonstrated in a space environment 
7. Actual system completed and flight qualified through test and 
Demonstration 

a Actual system “flight proven" through successful mission 
operations 

a Schedule (information required by) 

1. « Near term < 5 years 

2 - Mid term 6-10 years 

a - Far term > 10 years 

4. Effort Required 

1. = Substantial 

2 » Moderate 

a - Low 

5 Defined Sequence (Clearly defined sequential path for scientific 
investigation exists) 

1. - Yes 

2 - No 

6 Parallel/Alternative Path (are parallel or alternative pathways 
appropriate) 

1. « Yes 

2 - No 

7. Ground-based 

x - Ground-based research required 

a Space lab 

x - Spacelab would be used for research 

EDO - Spacelab needed for Extended Duration Orbiter 

Program research 

9. SSF 

x - Space Station Freedom would be used 


10. Centrifuge 

x - SSF Centrifuge Facility would be used 

11. Free Flyer 

x - Free flyer biosatellite 

12 Lunar Base 

x - Lunar base would be used 

1 3. Robotic Explorer 

x - Robotic explorer would be used 

14. Other Requirements 

x - Requirement for flight resources other then those 

identified in 8-10 

15. Flight Validation Required 

1. Flight validation required 

2 - Not required 

16. Facilities Sufficient 

1. - Current ground facilities (NASA Centers, Universities 

and provide industry) are sufficient. 

2 - Current ground facilities insufficient 

17. Community Sufficient 

1. - There is a sufficient scientific community already 

committed or reani table 

2 - Scientific community is insufficient 

1 8. Attract New Community 

1. - Activity will attract new scientists 

2 * Activity will not attract new scientists 

19. Group with other disciplines (can this activity be grouped with 
others from different life science disciplines?) 

I. - No, cannot be grouped 

2 - Do not know at this time 

a - Behavior, Performance and Human Factors 

4. - Regulatory Physiology 

£ - Cardiopulmonary 

& - Environmental health 

7. « Musculoskeletal 

& - Neuroscience 

9 - Radiation Health 

10. - Cell and Developmental Biology 

II . - Plant Biology 

12 - Life Support 
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Critical Quastion 

What is the time course and extent of muscle 
atrophy during either prolonged spaceflight or 
unloading? 

How is musde metabolism regulated during normal 
activity and exercise, after acute and chronic 

unloaded states, and during recovery from 
unloading? 

What are the physiological similarities and 
differences of ground- based models of musde 
atrophy and fiber transformation and 
weightlessness-induced musde atrophy and fiber 
transformation? How valid are ground-based 
models for studying the characteristics of 
space-flight-induced musde changes? 

Does the atrophy from unloading make musde, 
tendon, and the myotendinous junction more 
susceptible to injury or damage on resuming 
normal weight-bearing states? 

How completely and how well does injured muscle 
repair in microgravity? 

What are effects of weight bearing on 
development? 

MUSCULOSKELETAL/Cellular and Moleculi 

What are the molecular signals and mechanisms 
that are responsible for the control of musde 
hypertrophy and atrophy, and what are the 
spedfic stimuli that are generated by exerdse or 
disuse to signal increased or decreased protein 
accumulation in musde cells? 
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TABLE 2 


CRITICAL QUESTIONS LISTED BY CATEGORY AND CRITICALITY 


CATEGORIES 

1 « Environmental Health and Ue Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 - Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 > Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 ■ Scienoe Specifically enabled by Moon andtor Mars Missions. 

5 - Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* * Indicates primary category of application. 


CRITICALITY 

Criticality 1 : Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 

Criticality 4: Important science which is relevant to exploration mission. 

*Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. Science Readiness Levels 

1. Only tofitlore of practitioners end anecdotal data available 

2 Basic scientific concept formulated 

3 Ground models developed, flight validation required 

4 Flight validation performed 

5 Countermeasures identified 

6 Countermeasures tested 

7. Operational requirements established 

2 Technology Readiness Levels 

1. Technology need identified 

2 Technology and conceptual solution available 
2 Component and/or breadboard validation in laboratory 
environment exist 
4 Flight validation performed 

& System e'subty stem prototype demonstration in a relevant 

ground or space environment completed 
& System prototype demonstrated in a space environment 
7. Actual system completed end flight qualified through test and 
Demonstration 

& Actual system "flight proven" through successful mission 
operations 

3 Schedule (information required by) 

1. - Near term < 5 years 

2 - Md term 6-10 years 

1 - Far term > 10 years 

4 Effort Required 

1. - Substantial 

2 - Moderate 

a - Low 

& Defined Sequence (Clearly defined sequential path for scientific 
investigation exists) 

1. - Yss 

2 - No 

a Parallel/ Alternative Path (are pwaHeJ or alternative pathways 

appropriate) 

1. . Yes 

2 - No 

7. Ground-based 

x * Ground-based research required 

& Spacefab 

x • Spacalab would be used tor research 

EDO - Spacalab needed for Extended Duration Orbiter 

Program research 

a ssf 

x - Space Station Freedom would be used 


10. Centrifuge 

x - SSF Centrifuge Facility would be used 

11. Free Flyer 

x « Free flyer biosatellite 

12 Lunar Base 

x - Lunar base would be used 

ia Robotic Explorer 

x > Robotic explorer would be used 

14 Other Requirements 

x - Requirement for flight resources other then those 

identified in 6- 10 

li Flight Validation Required 

1. • Flight validation required 

2 - Not required 

ia Facilities Sufficient 

1. - Current ground facilities (NASA Centers, Universities 

and provide industry) are sufficient. 

2 - Current ground facilities insufficient 

17. Community Sufficient 

1. - There is a sufficient scientific community already 

committed or recnitabie 

2 m Scientific community is insufficient 

1& Attract New Community 

1. - Activity will attract new scientists 

2 - Activity will not attract new scientists 

19. Group with other disciplines (can this activity be grouped with 
others from different life scienoe disciplines?) 

I. • No, cannot be grouped 

2 - Do not know at tills time 

a - Behavior, Performance and Human Factors 

4 - Regulatory Physiology 

& - Cardiopulmonary 

& « Environmental health 

7. - Musculoskeletal 

& - Neuroscience 

1 - Radiation Health 

10. - Cel and Developmental Biology 

II. - Plant Biology 

12 « Life Support 
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C ^Environmental Health C2=Countermeasures C3=Medical Care C4= Enabled Science C5=Basic Science; Cr=Criticality 

1 =Science readiness level 2=Technology readiness level 3= Schedule 4=Effort 5=Defined Sequence 6= Parallel/ Alternative Path 7 =G round based 8=Space Labs 9=SSF 1 0==Centnfuge 
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TABLE 3 

ALL CRITICAL QUESTIONS WHICH REQUIRE GROUND>BASED RESEARCH 


CATEGORIES 

1 > Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 * Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or tech no logical basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 * Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 * Science Specifically enabled by Moon and/or Mars Missions. 

5 * Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* =r Indicates primary category of application. 


CRITICALITY 

Criticality 1 : Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 

Criticality 4: Important science which is relevant to exploration mission. 

•Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. Science Readiness Levels 

1. Only folklore of practitioners and anecdotal data available 
2 Basic scientific concept formulated 
2 Ground models developed, flight validation required 

4 Flight validation performed 

& Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 
2 Technology Readiness Levels 
1. Tec hn ology need identified 

2 Technology and conceptual solution available 
2 Component and/Or breadboard validation in laboratory 
environment exist 
4 Flight validation performed 

2 Systems/subsystem prototype demonstration in a relevant 
ground or space environment completed 
& System prototype demonstrated in a space environment 
7. Actual system completed and flight qualified through test and 
Demonstration 

& Actual system “flight proven” through successful mission 
operations 

2 Schedule (information required by) 

1. « Near term < 5 years 

2 - MkJ term 6-10 years 

2 a Far term > 10 years 

4 Effort Required 

1. a Substantial 

2 a Moderate 

2 a Low 

& Defined Sequence (Ciearty defined sequential path for scientific 
investigation exists) 

1. . Yea 

2 . No 

& Parallel/ Alternative Path (are parallel or alternative pathways 

appropriate) 

1. . Yes 

2 - No 

7. Ground-based 

x a Ground-based research required 

& Speoelab 

x a Spacelab would be used for research 

EDO a Space! ab needed for Extended Duration Obrter 

Program research 

a ssf 

x . « Space Station Freedom would be used 


10. Centrifuge 

x a SSF Centrifuge Facility would be used 

11. Free Flyer 

x a Free flyer biosatellite 

12 Lunar Base 

x a Lunar base would be used 

12 Robotic Explorer 

x a Robotic explorer would be used 

14 Other Requirements 

x a Requirement tor flight resources other then those 

identified in 8-10 

1 & Flight Validation Required 

1. a Right validation required 

2 a Not required 

12 Facilities Sufficient 

1. a Current ground facilities (NASA Centers, Universities 

and provide industry) are sufficient. 

2 > Current ground facilities insufficient 

17. Community Sufficient 

1. a There is a sufficient scientific community already 

c or n mtosd or recnitabie 

2 * Scientific community is insufficient 

l& Attract Now Community 

1. - Activity will attract new scientists 

2 - Activity wM not attract new scientists 

19. Group with other disciplines (can this activity be grouped with 
others from different fife science disciplines?) 

I. - No, cannot be grouped 

2 > Do not know at fiis time 

2 a Behavior, Performance and Human Factors 

4 - Regulatory Physiology 

& - Cardiopulmonary 

2 - Environmental health 

7. a Musculoskeletal 

2 a Neurosdenoa 

ft a Radiation Health 

10. a Cell and Developmental Biology 

II . a Plant Biology 

12 a Ufa Support 
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Critical Quaation 

How stable in storage are foods considered for 
Mars mission and how can storage stability In 
space be increased? 

— What are the safety and quality considerations 
of storage? 

— What processes are feasible to use in a CELSS? 

— Are additives needed? If so, which ones? 

— What are the storage/inventory requirements? 

— For what types of foods will storage be 
unnecessary? 

— Is there a need for packaging? If so, which 
products will require it? 

What food processing and storage technologies will 
need to be developed for space application? 

— How will existing and new processing and 
storage techniques perform in the constraints of a 
CELSS environment? 

— What differences are there in product 
development for space compared to land-based 
activities? 

— What are the influences of processing, cooking, 
and serving on — nutrient and attribute stability? 

— How can processing and cooking techniques be 
used to modify and improve the acceptability of 
foods offered the crew? 

What are the processing requirements necessary 
to handle human wastes? What are the health and 
safety requirements for the waste treatment 
subsystem? 
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What are the effects on the male and female germ 
cells of protracted, chronic, low dose exposure to 
space radiation outside the Van Allen belts? What 

events in gametogenesis and early germ cell 
maturation are gravity sensitive, and how can 

these results relate to the proliferation and 
differentiation of other individual cell types? 

— Can altered gravities affect fertilization, and do 
these results indicate more general mechanisms of 
membrane alteration in individual cells? 

— Which responses are transmitted maternally, 
and which are intrinsic to the developing embryo? 

— What are the results of altered gravity fields on 
the axis polarity and symmetries of the zygote? 

— Are there gravity effects that can terminate in 
changes of gene activation? 

How does gravity affect compensatory 
mechanisms (e.g. endocrine, organ, circulatory, 
regenerative processes)? What is the interaction 
with growth stages? What is gravity’s effect on 
wound healing? 

Are there in-vitro tests that reliably predict 
decreases in immune function in space flight? 

What are the long-term effects of prolonged space 

flight after return to 1 g? 

How long do neutrophilia, lymphocytopenia, 
monocytopenia, eosinopenia, and reduced 
blastogenic responses persist after flight? 
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Critical Question Qm 

What are the effects of space flight on the 2d 7 

functional capacities of the effector/accessory 
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All Critical Questions Which Would Require 
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Table 3 All Critical Questions Which Would Require 

Ground Based Research 
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j a bl e 3 All Critical Questions Which Would Require 

Ground Based Research 







TABLE 4 


CRITICAL QUESTIONS THAT WOULD UTILIZE SPACELABS LISTED BY CATEGORY 

AND CRITICALITY 


CATEGORIES 


Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. , ... . 

Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 
manifestations of the space environment (e g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive: or (2) partial EHLSS failures occur, until appropriate remedal action is taken. 
Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 
health for continued mission performance, or stabilize an ill or injured crewmember ter rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

Science Specifically enabled by Moon and/or Mars Missions. 

Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

Indicates primary category of application. 


CRITICALITY 

Criticality 1 : Consensus that answer is required for Mars mission, (known effect and known problem for mission). 

Criticality 2: Answers might be required, science basi6 to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 

Criticality 4: Important science which is relevant to exploration mission. 

•Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. Scienos Readiness Levels 

1. Only folklore of practitioners and anecdotal data available 

2 Basic scientific concept formulated 

3 Ground models developed, flight validation required 

4 Flight validation performed 

5 Countermeasures identified 

6 Countermeasures tested 

7. Operational requirements established 
2 Technology Readiness Levels 
1. Technology need identified 

2 Technology end conceptual solution available 

3 Component and/or breadboard validation in laboratory 
environment exist 

4 Flight validation performed 

5 Systems/subsystem prototype demonstration in a relevant 
ground or space environment completed 

6 System prototype demonstrated in a space environment 

7. Actual system completed end flight qualified through test and 
Demonstration 

& Actual system "flight proven" through successful mission 
operations 

a Schedule (information required by) 

1. - Near form < S years 

2 - kfid term 6-10 years 

a • Far farm >10 years 

4 Effort Required 

1. a Substantial 

2 - Moderate 

a - Low 

& Defined Sequence (Ctearty defined sequential path for scientific 
investigation exists) 

t - Yes 

2 - No 

a PaialeVAItemetive Pith (ere peralel or alternative pathways 
appropriate) 

1. - Yee 

2 - No 

7. Ground-based 

x - Ground-based research required 

a Spaceiab 

v m Soacaiab would be used for research 

EDO - Spaceiab needed for Extended Duration Orblter 

Program research 

a ssf 

x - Space Station Freedom would be used 


ia Centrifuge 

x - SSF Centrifuge Facility would be used 

11. Free Flyer 

x - Free flyer biosateliite 

12 Lunar Base 

x * Lunar base would be used 

ia Robotic Explorer 

x - Robotic explorer would be used 

14. Other Requirements 

x - Requirement for flight resources other then those 

idsntified in 8-10 

1 & Fight Validation Required 

1. - Right validation required 

2 a Not required 

ia Facilities Sufficient 

1. - Current ground facilities (NASA Centers, Universities 

and prcMde indusvy) are suffident 
2 - Current ground facilities insufficient 

17. Community Suffident 

1. - There is a suffident scientific community already 

committe d or readable 

2 - Sd entitle community is insufficient 

1& Attract New Community 

1. - Activity will attract new scientists 

2 - Activity wM not attract new adentists 

19. Group with other disciplines (can this activity be grouped with 
others from different life sdenoe disciplines?) 

I. « No, cannot be grouped 

2 ■ Oo not know at tiis time 

2 a Behavior, Performance end Human Factors 

4 a Regulatory Physiology 

& a Cardiopulmonary 

4 a Environmental health 

7. « Musculoskeletal 

& a Neuroectenoe 

2 . Radiation Health 

10. a Cel and Developmental Biology 

II. « Plant Biology 

12 a Life Support 
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Table 4 Critical Quaatlona That Would Utilize Spacelabs 

Listed by Category and Criticality 












TABLES 


CRITICAL QUESTIONS THAT WOULD UTILIZE SPACE STATION FREEDOM (SSF) 

LISTED BY CATEGORY AND CRITICALITY 


CATEGORIES 

1 * Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 - Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 * Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 - Science Specifically enabled by Moon and/or Mars Missions. 

5 - Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* Indicates primary category of appKcation. 

CRITICALITY “ “ 


Criticality 1 : Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 

Criticality 4: Important science which is relevant to exploration mission. 


•Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. Science Readiness Levels 

1. Only folklore of practitioners and anecdotal data availaae 

2 Basic scientific concept formulated 

3L Ground models developed, flight validation required 

4 Flight validation performed 

5 Countermeasures identified 

6 Countermeasures tested 

7. Operational requirements established 

2 Technology Readiness Levels 

t. Technology need identified 

2 Technology and conceptual solution available 

3 Component andtor breadboard validation in laboratory 
environment exist 

4 Flight validation performed 

5 Systems/subsystem prototype demonstration in a relevant 
ground or space environment completed 

6 System prototype demonstrated in a space environment 

7. Actual system completed end flight qualified through test and 
Demonstration 

2 Actual system flight proven" through successful mission 
operations 

3 Schedule (information required by) 

1. - Near term < 5 years 

2 • MU term 6-10 years 

3 - Far twin > 10 years 

4 Effort Required 

1. • Substantial 

2 - Moderate 

a « Low 

5 Defined Sequence (Clearly defined sequential path for scientific 
investigation exists) 

1. « Yes 

2 - No 

6 ParaH#!/ Alternative Path (ere parafle! or alternative pathways 
appropriate) 

1. - Yes 

2 - No 

7. Ground-based 

x - Ground-based research required 

2 Speoeleb 

x - Spacetab wouU be used for research 

EDO - Spaceiab needed for Extended Duration Orbiter 
Program research 

a ssf 

x - Space Station Freedom would be used 


lOt Centrifuge 

x - SSF Centrifuge Facility would be used 
11. Free Flyer 

x - Free flyer bioeatefiite 

12 Lunar Base 

x • Lunar baee wouU be used 

ia Robotic Explorer 

x - Robotic explorer would be used 

14 Other Requirements 

x - Requirement for flight resources other then those 

identiftedriS-lO 

15. Fight Validation Required 

1. - Flight validation required 

2 - Not required 

16. Facilities Sufficient 

1. - Current ground facilities (NASA Centers, Universities 

and provide indusey) are sufficient. 

2 - Current ground facilities insufficient 

17. Community Sufficient 

1. - There is a sufficient scientific community already 

committed or recallable 

2 • Scientific community is insufficient 

12 Attract New Community 

I. - Activity wNI attract new scientists 

2 - Activity wi not attract new scientists 

12 Group with other diedpinee (can this activity be grouped wiih 
others from different life science disciplines?) 
t - No. cannot be grouped 

2 - Do not know atthis time 

a - Behavior, Performance and Human Factors 

4 - Regulatory Physiology 

2 - Canflopulmonary 

2 « Environmental health 

2 ■» Neuroedence 

2 - Radiation Health 

12 - Cel and Developmental Biology 

II. - Plant Biology 

12 - Ufa Support 
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Table 5 Critical Questions That Would Utilize Space Station Freedom (SSF) 

Listed by Category and Criticality 



C 1 = Environmental Health C2=Countermeasures C3=Medical Care C4= Enabled Science C5-Basic Science; Cr=Criticality 

1 -Science readiness level 2-Technology readiness level 3= Schedule 4= Effort 5=Defined Sequence 6= Parallel/ Alternative Path 7 =G round based 8=Space Labs 9=SSF 10=Centnfuge 
1 l=Free Flyer 12=Lunar Base 13=Robotic Expo re r 14=Other Requirements 15=Flight Validation Required 16=Facilities Sufficient 17=Community Sufficient 1 8= Attract New Community 
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Are there appropriate animal and/or computer 
models for studying each functional element of 
cardiovascular adjustments to microgravity? 

Are there changes in cardiac performance and 
contractile efficiency during long term exposure to 
microgravity? 

Is pulmonary function altered in long-duration 
space flight at rest, exercise, or in a disease 
state? 

What are the physiological similarities and 
differences of ground- based models of muscle 
atrophy and fiber transformation and 
weightlessness-induced musde atrophy and fiber 
transformation? How valid are ground-based 
models for studying the characteristics of 
space-flight-induced muscle changes? 

What are the molecular signals and mechanisms 
that are responsible for the control of muscle 
hypertrophy and atrophy, and what are the 
specific stimuli that are generated by exercise or 
disuse to signal increased or decreased protein 
accumulation in muscle cells? 

What is the molecular interrelationship between 
catabolic and synthetic rates of protein metabolism 
in unloaded muscles? 

What is the molecular basis for the effects of 
unloading on the susceptibility of muscle to injury 
or damage upon resuming normal weight-bearing 
states? 
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TABLE 6 


CRITICAL QUESTIONS THAT WOULD UTILIZE THE SSF CENTRIFUGE FACILITY 
LISTED BY CATEGORY AND CRITICALITY 


CATEGORIES 

1 * Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 * Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 * Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an iH or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 » Science Specifically enabled by Moon andtor Mars Missions. 

5 » Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* - Indicates primary category of application. 


CRITICALITY 


Criticality 1 : 
Criticality 2: 
Criticality 3: 
Criticality 4: 


Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 
Answers might be required, science basis to evaluate risk is not adequate.* 

Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 
Important science which is relevant to exploration mission. 


*Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


t. 

Science Readiness Levels 

10. 

Centrifuge 



1 . 

Only folklore of practitioners and anecdote data available 


X a 

SSF Centrifuge Facility would be used 


2 

Basic scientific concept formulated 

11. 

Free Flyer 



a 

Ground models developed, flight validation required 


X a 

Free flyer biosatelUe 


4 

Flight validation performed 

12 

Lunar Base 



& 

Countermeasures identified 


X a 

Lunar base would be used 


a 

Countermeasures tested 

13 

Robotic Explorer 


7. 

Operational requirements established 


X a 

Robotic explorer would be used 

2 

Technology Readiness Levels 

14 

Other Requirements 


1. 

Technology need identified 


X a 

Requirement for flight resources other then those 


2 

Technology and conceptual solution available 



identified In S- 10 


a 

Component and/or breadboard validation in laboratory 

15. 

Fight Validation Required 



environment exist 


1 . 

Right validation required 


4 

Flight validation performed 


2 

Not required 


& 

Systems/subsystem prototype demonstration in a relevant 

1& 

Facilities Sufficient 



ground or space environment completed 


1 . 

Current ground facilities (NASA Centers, Universities 


& 

System prototype demonstrated In a space environment 



and provide industry) ere sufficient 


7. 

Actual system completed and light qualified through test and 


2 

Current ground faculties insufficient 



Demonstration 

17. 

Community Sufficient 


a 

Actual system “flight proven* through successful mission 


1. 

There Is a sufficient scientific community already 



operations 



committed or recruitable 

a 

Schedule (information required by) 


2 

Scientific community is insufficient 


1. 

• New term < 5 years 

ia 

Attract New Community 


2 

» Mto term 0-10 years 


1, a 

Activity wil attract new scientists 


a 

- Fw term > 10 years 


2 

Activity wifi not attract new scientists 

4. 

Effort Required 

ift 

Group with other disciplines (can this activity be grouped with 


1 . 

- Substantial 


others from different life science disciplines?) 


2 

• Moderate 


1 . 

No. cannot be grouped 


a 

• Low 


2 

Do not know at tvs time 

S 

Defined Sequence (Clearly defined sequential path tor scientific 


2 a 

Behavior, Performance and Human Factors 


investigation exists) 


4 

Regulatory Physiology 


1. 

- Yaa 


5L a 

Cardiopulmonary 


2 

- No 


& 

Environmental health 

a 

ParaieV Alternative Path (we parafiel or alternative pathways 


7. 

Musculoskeletal 


appropriate) 


& a 

Neuroscience 


1. 

- Yes 


ft 

Radiation Hetetfi 


2 

• No 


1ft 

Cell and Developmental Biology 

7. 

Ground>based 


11. 

Plant Biology 


X 

- Ground-based research required 


12 

Ufa Support 

a 

Spaoelafr 





X 

- Spacelab would be used for reseerch 





EDO 

- Spacelab needed tor Extended Duration Orblter 






Program research 




a 

SSF 






X 

a Space Station Freedom would be used 
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TABLE 7 


CRITICAL QUESTIONS THAT WOULD UTILIZE A LUNAR BASE LISTED BY CATEGORY 

AND CRITICALITY 


CATEGORIES 

1 * Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 * Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 » Medical Care Systems (MGS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an iH or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 * Science Specifically enabled by Moon and/or Mars Missions. 

5 « Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* - Indicates primary category of application. 

CRITICALITY 

Criticality 1 : Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 

Criticality 4: Important science which is relevant to exploration mission. 

‘Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. Science Readiness Levels 

1. Only folklore of practitioners and anecdotal data available 
2 Basic scientific concept formulated 
2 Ground models developed, flight validation required 

4 Flight validation performed 

& Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 
2 Technology Readiness Levels 
1. Technology need identified 

2 Technology and conceptual solution available 
2 Component and/or breadboard validation in laboratory 
environment exist 
4 Flight validation performed 

& System s/subsy stem prototype demonstration in a relevant 

ground or space environment completed 
2 System prototype demonstrated in a space environment 
7. Actual system completed and flight qualified through test and 
Demonstration 

a Actual system “flight proven* through successful mission 
operations 

2 Schedule (information required by) 

1. - Near term < 5 years 

2 - MU term 6-10 years 

2 - Far term > 10 years 

4 Effort Required 

1. - Substantial 

2 - Moderate 

2 - Low 

2 Defined Sequence (Clearly defined sequential path for scientific 
investigation exists) 

1. « Yes 

2 - No 

a ParmRel/Altemative Path (are paralei or alternative pathways 
appropriate) 

1. . Yes 

2 - No 

7. Ground-based 

x « Ground-based research required 

a Space! ato 

x - Spaoeteb wouU be used tor research 

EDO - Speceleb needed for Extended Duration Orbiter 
Program raaserdi 

a SSF 

x « Space Station Freedom would be used 


ia Centrifuge 

x - SSF Centrifuge Facility would be used 
11. Free Flyer 

x - Free flyer biosateilrte 

12 Lunar Base 

x - Lunar base wouU be used 

12 Robotic Explorer 

x - Robotic explorer would be used 

14. Other Requirements 

x - Requirement for flight resources other then thoee 

htentifiedinaiO 

IS Flight Valuation Required 

1. * Right valuation required 

2 - Not required 

ia Faculties Sufficient 

1. - Current ground facilities (NASA Centers, Universities 

and praMds indusky) are sufikaent 
2 - Current ground facilities insufficient 

17. Community Sufficient 

1. - There is a sufficient scientific community already 

committed or recruitablo 

2 - Scientific community Is insufficient 

ia Attract New Community 

I. - Activity will attract new scientists 

2 - Activity wtN not attract new scientists 

12 Group with other dtedptines (can this activity be grouped with 
others from different life science disciplines?) 
i. » No, cannot be grouped 

2 - Do not know at ft* flme 

2 - Behavior, Performance and Human Factors 

4 - Regulatory Physiology 

5 - Cardiopulmonary 

6 - Enviro n mental health 

7. • Musculoskeletal 

& - Neuroscience 

a - Radiation Health 

10. - £el and Developmental Biology 

II. - Plant Biology 

12 - Life Support 
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C ^Environmental Health C2=Countermeasures C3=Medical Care C4= Enabled Science C5=Basic Science; Cr=Criticality 

1 ^Science readiness level 2-Technology readiness level 3= Schedule 4=Effort 5=Defined Sequence 6= Parallel/ Alternative Path 7=Ground based 8=Space Labs 9=SSF 10=Centrifuge 
ll=Free Flyer 12=Lunar Base 13=Robotic Expore r 14=Other Requirements 15=Flight Validation Required 16=Facibties Sufficient 17=Commuruty Sufficient 1 8= Attract New Community 
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TABLE 8 


CRITICAL QUESTIONS THAT WOULD UTILIZE ROBOTIC MISSIONS LISTED BY 

CATEGORY AND CRITICALITY 


1 * Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 * Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedlaf action is taken. 

3 * Medical Care Systems (MCS). designed to handle ilness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an i or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporally 
until function is restored to the EHLSS. 

4 * Science Specifically enabled by Moon and/or Mars Missions. 

5 * Basic Research Not Directly Appticable to Moon and/or Mars Missions. 

* « Indicates primary category of application. 


CRITICALITY 

Criticality 1 : Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticteity 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 

Criticality 4: Important science which is relevant to exploration mission. 

•Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from wiy detrimental effects to lead normal, healthy lives upon return to earth. 


1. Science Readiness Levels 

1. Only Isidore of practitioners end eneodotri data available 

2 Basic scientific concept formulated 

3 Ground models developed, flight validation required 

4 Fight validation performad 

& Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 
2 Technology Readiness Levels 
1. Technology need identified 

2 Technology end conceptual solution svaflabie 

1 Component end/or breadboard validation in laboratory 
environment exist 

4 Fight validation performed 

& SystemWsubsystom prototype demonstration in e relevant 
ground or space environment completed 
a System prototype demonstrated in e space environment 
7. Actual system completed and fight qualfied through Met end 
Demonstration 

a Actual system flight p rove n " through e uooss sM mission 
operations 

a Schedule (information required by) 

1. * Near lsrm<S years 

2 * Md term 6-10 years 

a ■ Far term > 10 years 

4 Effort Required 

1. - Substantial 

2 - Moderate 

a ■ tow 

& Defined Sequence ( Cl early defined sequential path for scientific 
investigation exists) 

1. - Yee 

2 .No 

a ParaNeVAJtemative Petit (ere paraM or ahematke pathways 
appropriate) 

1. . Yee 

2 - No 

7. Ground-based 

X - Ground-based research required 

a 

x - Spaoeiab would be used for research 

EDO - Spaceleb needed for Extended Duration Orbiter 
Program research 

a ssf 

x - Spec* Station Freedom would be used 


10. Centrifuge 

x • SSF Centrifuge Facility would be used 

11. Free Flyer 

x - Free flyer bioesteilte 

12 Lunar Base 

x - Lunar base would be used 

13 Robotic Explorer 

x « Robotic explorer would be used 

4 A m , D a m ii<« ■■■ m >>!■ 

uiiMf 

x - Requirement for flight resources other then those 

identified in 6-10 

11 Fight Veldetion Required 

1. - Right validation required 

9 s Mot FSQUlPtd 

ia Facfiitiee Sufficient 

1. • Current ground focfttiee (NASA Centers, Universities 

and provide industy) ere auflkJenL 
2 - Current ground facilities insufficient 

17. Community Sufficient 

1. - There is e sufficient scientific community already 

comniiQsd or reoniabie 

2 - Scientific community is insufficient 

11 Attract New Community 

1. - Activity wtiJ attract new scientists 

2 - Activity wi not attract new scientists 

ift Group with other disdpfines (can this activity be grouped with 
others bom different lie science disciplines?) 

I. • No, cannot be grouped 

2 - Do not know at foie time 

3 • Behavior, Perfor ma nce and Human Fedors 

4 - Regulatory Physiology 

1 - Cardiopulmonary 

1 - Environmental heakh 

1 ■ Neuroscience 

ft - Radiation Health 

1ft - Cel end D ev elop m en t al Bfotogy 

II. - Plant Biology 

12- - Life Support 
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Critical Quaations That Would Utilize Robotic Miaaiona 
Liatad by Category and Criticality 




TABLE 9 


CRITICAL QUESTIONS THAT WOULD UTILIZE FREE FLYERS LISTED BY CATEGORY 

AND CRITICALITY 


1 » Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. , t 

2 - Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 . Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle iUness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 - Science Specifically enabled by Moon and/or Mars Missions. 

5 * Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* « Indicates primary category of application. 


CRITICALITY 

Criticality 1 : Consensus that answer is required for Mars mission, (known effect and known problem for mission)/ 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 

Criticality 4: Important science which is relevant to exploration mission. 

*Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


1. Soanes Readiness Laval* 

1. Only toWore of practitionars and anecdotal data available 
2 Basic scientific concept formulated 
a Ground models developed, flight validation required 

4 Flight validation performed 

& Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 
2 Technology Readiness Levels 
1. Technology need identified 

2 Technology and conceptual solution available 

1 Component and/or breadboard validation in laboratory 
environment exist 

4 Flight validation performed 

& Systema/subsystem prototype demonstration in a relevant 
ground or space environment completed 
& System prototype demonstrated in a space environment 
7. Actual system completed and Right qualified through test and 
Demonstration 

& Actual system "flight proven" through successful mission 
operations 

a Schedule (information required by) 

1. - Near term < 5 years 

2 - MM term 6-10 years 

a - Far term > 10 years 

4 Effort Required 

1. « Substantial 

2 - Moderate 

a - Low 

& Defined Sequence (Clearly defined sequential path tor scientific 
investigation exists) 

1. - Yes 

2 - No 

& Parailsl/ Alternative Path (art parallel or alternative pathways 

appropriate) 

1. . Yes 

2 - No 

7. Ground-based 

x • Ground-based research required 

a Spaoeiah 

x - Spacelab wouM be used for research 

EDO - Spacelab needed for Extended Duration Orbiter 

Program research 

a ssf 

x • Space Station Freedom would be used 


10. 

Centrifuge 



X 

m 

SSF Centrifuge Facility would be used 

11, 

Free Flyer 



X 

m 

Free flyer biosatelilte 

12 

Lunar Base 



X 

m 

Lunar base wouM be used 

12 

Robotic Explorer 


X 

m 

Robotic explorer would be used 

14 

Other Requirements 


X 

m 

Requirement for flight resources other then those 
identified in S- 10 

IS 

Flight Validation Required 


1 . 

m 

Right validation required 


2 

m 

Not required 

IS 

Facilities Sufficient 


1 . 

m 

Current ground facilities (NASA Centers, Universities 
end pro^de indusry) are sufficient. 


2 

m 

Current ground facilities insufficient 

17. 

Community Sufficient 


1 . 

- 

There is a sufficient scientific community already 
committed or reoutabfe 


2 

tel 

Scientific community is insufficient 

IS 

Attract New Community 


1 . 

m 

Activity will attract new scientists 


2 

m 

Activity wifi not attract new scientists 

1ft 

Group with other disciplines (can this activity be grouped with 


others 

from different life scienoe disciplines?) 


1 . 


No, cannot be grouped 


2 


Do not know at rts time 


a 


Behavior, Performance and Human Factors 


4 


Regulatory Physiology 


S 


Cardiopulmonary 


s 


Environmental health 


7. 


Musculoskeletal 


& 


Neuroscienoa 


ft 


Radiation Health 


IS 


CeN and Developmental Biology 


11. 


Plant Biology 


12 


Life Support 
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TABLE 10 


Critical Questions by Deliverables 


CATEGORIES 

1 = Environmental Health and Life Support Systems (EHLSS) are designed to protect the crew from inhospitable space and 

planetary environments. 

2 = Countermeasure Systems (CS) are designed to continuously compensate for detrimental physiological and behavioral 

manifestations of the space environment (e.g., microgravity, confined volume, radiation). They must provide acceptable 
mission performance and postflight recovery when: (1) EHLSS designed to provide habitable environmental conditions 
for the crew are not totally feasible because of mission design or inadequately of scientific or technological basis, or 
where cost and schedule are prohibitive; or (2) partial EHLSS failures occur, until appropriate remedial action is taken. 

3 = Medical Care Systems (MCS), designed to handle illness and injuries based on probability of occurrence, restore crew 

health for continued mission performance, or stabilize an ill or injured crewmember for rescue. MCS are also designed to 
handle illness or injuries resulting from failure, degradation, or maintenance of EHLSS or CS systems, but only temporarily 
until function is restored to the EHLSS. 

4 = Science Specifically enabled by Moon anchor Mars Missions. 

5 = Basic Research Not Directly Applicable to Moon and/or Mars Missions. 

* = Indicates primary category of application. 


CRITICALITY 

Criticality 1 : Consensus that answer is required for Mars mission, (known effect and known problem for mission).* 

Criticality 2: Answers might be required, science basis to evaluate risk is not adequate.* 

Criticality 3: Required for practical optimization of resources (or countermeasure effectiveness) and minimization of risk. 

Criticality 4: Important science which is relevant to exploration mission. 

*Crewmembers must be able to effectively perform mission tasks in transit vehicles and on planetary surfaces; and must recover in 
a reasonable time from any detrimental effects to lead normal, healthy lives upon return to earth. 


2 


a 


4. 


& 


a 


7. 

& 


a 


Science Readiness Levels 

1. Only folklore of practitioners and anecdotal data available 

2 Basic scientific concept formulated 

3 Ground models developed, flight validation required 

4. Flight validation performed 

& Countermeasures identified 

& Countermeasures tested 

7. Operational requirements established 
Technology Readiness Levels 
1. Technology need identified 

2 Technology and conceptual solution available 
a Component and/or breadboard validation in laboratory 
environment exist 
4. Flight validation performed 

5 Systems/subsystem prototype demonstration in a relevant 
ground or space environment completed 

6 System prototype demonstrated in a space environment 

7 Actual system completed and flight qualified through test and 
Demonstration 

ft Actual system “flight proven” through successful mission 
operations 

Schedule (information required by) 

1. - Near term < 5 years 

2 - Mid term 6* 10 years 

3 - Far term > 10 years 

Effort Required 

1. * Substantial 

2 * Moderate 

a * Low 

Defined Sequence (Clearly defined sequential path for scientific 
investigation exists) 

1. * Yes 

2 - No 

Parallel/ Alternative Path (are parallel or alternative pathways 
appropriate) 

1. - Yes 

2 - No 

Ground-based 

x - Ground-based research required 

Space! ab 

x - Space lab would be used for research 

EDO - Spacelab needed for Extended Duration Orbiter 

Program research 
SSF 

x * Space Station Freedom would be used 


10. Centrifuge 

x - SSF Centrifuge Facility would be used 

11. Free Flyer 

x • Free flyer biosatellite 

12 Lunar Base 

x - Lunar base would be used 

13. Robotic Explorer 

x - Robotic explorer would be used 

14. Other Requirements 

x ■ Requirement for flight resources other then those 

identified in 8- 10 

15. Flight Validation Required 

1. - Flight validation required 

2 m Not required 

16. Facilities Sufficient 

1. m Current ground facilities (NASA Centers, Universities 

and provide industry) are sufficient. 

2 m Current ground facilities insufficient 

17 Community Sufficient 

1. - There is a sufficient scientific community already 

committed or recruitable 

2 - Scientific community is insufficient 

1 8. Attract New Community 

1. - Activity will attract new scientists 

2 - Activity will not attract new scientists 

19. Group with other disciplines (can this activity be grouped with 
others from different life science disciplines?) 

I. - No, cannot be grouped 

2 - Do not know at this time 

3 * Behavior, Performance and Human Factors 

4. - Regulatory Physiology 

S - Cardiopulmonary 

a - Environmental health 

7 - Musculoskeletal 

a » Neuroscience 

a - Radiation Health 

10. * Cell and Developmental Biology 

II. - Plant Biology 

12 * Life Support 


Table 10 





Legend for Deliverable Identification Numbers on Table 10 
Reference to Volume 1 Section II 


Item 

Table 

Title 

1 

11-1 

Determine the planetary and transit radiation environment, including fluence, flux, energy, and linear 
energy transfer spectra of the radiation 

2 

11-1 

Provide data on radiation shielding characteristics of regolith 

3 

11-1 

Provide data necessary to utilize regolith as a raw material for bioregenerative life support 

4 

11-1 

Identify potentially toxic materials 

5 

11-1 j 

Provide data on sources of water and oxygen 

6 

11-1 

Identify potential sources of back contamination by biological materials 

7 

11-1 

Equip orbiters and rovers to study effects of radiation, microgravity, and magnetic fields on suitable 
organisms 

8 

11-1 

Equip orbiters and rovers to incorporate appropriate exobiology studies 

9 

11-1 

Develop sterilization technologies for vehicles landing on Mars 

1 0 

11-1 

Develop technologies and protocols for sterilizing, sealing, and monitoring samples returning to Earth 

1 1 

11-1 

Conduct risk analysis for development of policy regarding planetary contamination 

12 

11-2 

Data from robotic MSRO and MSVR mission required for EHLSS, CS, and MSC systems 

13 

11-2 

Data for Planetary Protection Program 

1 4 

11-2 

Experimental results from Exobiology 

1 5 

11-3 

Define acceptable human health and safety limits for quality and quantity of water, food, and 
atmosphere 

1 6 

11-3 

Identify requirements and technology for food storage, processing, and preparation 

1 7 

11-3 

Verify life support system capability for EVA and EHA, and provide enhanced technologies 

1 8 

11-3 

Identify requirements and technology for real time monitoring systems for air, water, and surfaces 
quality 

1 9 

11-3 

Determine requirements for lighting, work-rest schedules, privacy, odor, etc.; and identify means to 
design habitable facilities 

20 

11-3 

Provide basis for optimum design of human-machine interfaces 

21 

11-4 

Verify sufficiency of expendable supplies and physico-chemical regenerative technologies for early 
missions 

22 

11-4 

Regular update and refinement of mission scenarios, planned crew activities, and design decisions 

23 

11-5 

Human Factors Stimulators 

Ground-based analogs including transit vehicle simulators and planetary habitats simulators will be 
used as testbeds for medical protocols and countermeasures development. 

24 

11-5 

Human-Rated Ground-Based CELSS Testbed 

Will be used to develop and validate research and technologies required for an operational 
bioregenerative life support system and to address environmental, health, and safety issues. 

25 

11-5 

Life Sciences SSF Testbed 

Will be used for validation of life support, medical care and countermeasures under operational 
conditions for transit vehicles. 

26 

11-6 

Characterize deep space radiation environments 

27 

11-6 

Determine the human radiation dose limits for space missions (protons and GCR) 

28 

11-6 

Provide solar event warning capability 

29 

11-6 

Provide protection from radiation (protons and GCR) 

30 

11-7 

Data on deep space radiation environment from precursor missions and any other deep space missions 

31 

11-7 

Data on the radiation shielding characteristics of feasible spacecraft materials and regolith 

32 

11-8 

Provide criteria for design and operation of bioregenerative components of a life support system 
that, as a minimum, provides partial recycling of oxygen, water, carbon dioxide, and waste 

33 

11-8 

Provide trade-off analysis comparing expendable, PC, integrated PC-bioregenerative, and 
predominantly bioregenerative life support systems 

34 

11-8 

Provide criteria for design and operation of a predominantly bioregenerative life support system 
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Legend for Deliverable Identification Numbers on Table 
Reference to Volume 1 Section II 


10 


36 11-8 

37 11-8 

38 11-8 

39 11-9 

40 11-9 

41 11-9 

42 11-10 


45 11-10 

46 11-10 

47 11-11 

48 11-12 


49|ll-12 

50 11-12 

51 11-13 

52 11-14 

53 11-14 

54 11-14 

55 11-14 

56 11-14 

57 11-14 

58 11-15 

59 11-16 

60 11-16 

61 11-16 
62 11-16 


| Title 

support systems pr0Cessin9 ’ and P re P ara,ion technologies for food produced in b.oregenerative life 

Provide mathematical models for simulation, design, and operation 

Provide technologies to use regolith as a resource in bioregenerative life support systems 

Establish nutritional and behavioral requirements for fresh food on long duration missions 

Data on oxygen and water availability 

Data on composition and characteristics of regolith 

Data on radiation environment throughout mission scenario 

Provide the criteria for design and operation of CS (e.g., exercise, dietary, pharmacological 
mechanical, physiological, training) for human adaptations (e.g., musculoskeletal, cardiovascular 
physiological, neurological, and cellular) to microgravity 

Provide the criteria for design and operation of CS for human adaptations to the Moon (0 16a) 
environment ' ' y> 

Provide the criteria for design and operation of CS for human adaptations to the Mars (0 38a) 
environment v ‘ y> 

Provide trade-off studies for CS alternatives (including human centrifuges) 

Provide criteria for design and operations of CS for readaptation to Earth 

Mission scenarios, including a timeline with duration of exposure to the various levels of hypoqravitv 
and a description of the expected activity (including EVA and EHA) during the increments 
Provide the criteria for design and operation of countermeasures for human responses to space 
vehicle and planetary base environments not specifically related to hypogravity (e.g atmosphere 
toxins, food quality, confined volume, light, restricted human interaction, privacy, recreational ’ 
activities, esthetic diversity, and stress) 

Provide criteria and protocols for crew selection, training, and scheduling to mitigate effects of 
space flight environmental factors 

Provide trade-off studies for countermeasure alternatives 

Mission scenarios including timelines for activities including EVA and EHA 

Provide the criteria necessary to design and equip health maintenance facilities (including EVA and 
EHA nsks) for Moon and Mars transit vehicles and bases 

Develop preventive medicine, and monitoring, therapy and treatment protocols for exploration 
missions 

Provide telemedicine capability for medical contingencies 
Provide medical criteria for crew selection 

Develop the medical training protocols for exploration mission crews 
Provide protocols for post mission health monitoring and care 
Mission scenarios including timelines and activities such as EVA and EHA. 

Provide science and technology requirements necessary to design the laboratory for Moon base 

Provide science and technology requirements necessary to design Mars transit vehicle research 
facilities 

Provide science and technology requirements necessary to design laboratory for Mars base 
Provide research proposals for SSF, Moon, Mars transit vehicle, and Mars base laboratories 
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C ^Environmental Health C2=Countemneasures C3=Medical Care C4=Enabled Science C5=Basic Science; Cn=Cnticality 

l=Science readiness level 2=Technology readiness level 3= Schedule 4=Effort 5=Defined Sequence 6=Parallel/Altemative Path 7=G round based 8=Space Labs 9=SSF 10=Centnfuge 
ll=Free Flyer 1 2=Lunar Base 13=Robotic Exporer 14=Other Requirements 15=Flight Validation Required lfc=Facilities Sufficient 17=Communily Sufficient 18=Attract New Community 
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Critical Question 

How are risks associated with acute exposure to 
space radiation to be managed medically? 

How will the reproductive status of premenopausal 
female crewmembers be managed to minimize the 
risk of pregnancy, osteoporosis, and hemorrhage 
from ruptured follicles during ovulation? What is 
the role of gravity in developmental biology? 

— Does the developmental ontogeny of animals 
raised through more than one life cycle under a 
changed gravity field differ from the 1-g classical 
pattern? Does this altered pattern reside in the 
genome, or is it relayed from hormonal and 
stromal interactions? 

— Are there critical windows of susceptibility for 
developmental processes, or is development 
affected in a gradient? 

— If gravity-related effects exist, can they be 
reversed in the short- or long-term? 

— What will be the result of gravity-induced 
dys-synchrony (temporal or hormonal) during 
development? 

How does gravity affect compensatory 
mechanisms (e.g. endocrine, organ, circulatory, 
regenerative processes)? What is the interaction 
with growth stages? What is gravity’s effect on 
wound healing? 
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